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Biological characteristics of Citrus cachexia viroid isolates in local tangerine orchards
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Abstract

In recent years symptoms of viroid diseases, include stem pitting and gumming have highly incidenced in citrus orchards of
Mazandaran. This study was conducted for determining the biological characteristics of Citrus cachexia viroid strains in local tangerine
orchards. 150 samples were collected from three important infected districts .Purification was carried out in CF-11 column. Presence of
viroid was confirmed with RT-PCR using specific primers. For differentiation of Cachexia viroid isolates, 13 types of citrus were bark
grafted on rootstock and symptoms were observed. RT-PCR data showed that 6% of samples were infected only with cachexia, while other
samples showed mix infection with exocortis, tristeza and psorosis. According to the assay, the best indicator plant is the Mexican lime
(Citrus aurantifolia. Swing.), which could express the typical symptoms of mild to severe infection. Also it is possible to separate severe
strains from mild strains based on the symptoms on the local tangerine trees and gumming on the branches can be the primary basis for
differentiation.
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Table 1. Name and sequence of Primers of cachexia, exocortis, psorosis and tristeza in this study.

Refrences Sequence 5' -3' Primer name (Virus/viroid)
Bernard and Duran-Vila, 2006 GGGGCTCCTTTCTCAGGTAAGTC GGGGCAACTCTTCTCAGAATCC CCavd
Bernard and Duran-Vila, 2006 GGAAACCTGGAGGAAGTCGCCGGGGATCCCTGAAGGA CEVd
Hoang etal,2004 TTACCAATACCCTTAGAATTAT TTTGGACTGACGTCGTGTT CTV
Apachi etal.,2014 TCTGTTTTTGTCAACACACTCC GCTTCCTGGAAAAGCTGATG CpPVv
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Figur 1. RT-PCR detection of Citrus cachexia viroid , 100bp
molecular marker M : DNA molecular marker 100bp, a :Positive
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Fig. 3. Bumps on the skin at the upper part of graft site in Tangerin
(A), spindal stem pitting with gumming on trunk (B,C).
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Fig. 4. Spots resinous in the cambium wall in graft site in infected

tangerine with sever straine of Citrus Cachexia (A), gumming under

the skin of sever straine (B) compared with mild straine.
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Table 2. Statusof orchards based on infection by viroid and virus disease.

City Orcha Without Mixtu _re infectt_ad by Infected_by Infected _by Infected_by Infe_cted by
rds infected psorosis and tristeza cachexia exocortis psorosis tristeza
1 8,5 9,1 7 - 4*6 3,2%,10
2 3 10* - - 9,7%,6%,2* 1,8%,5* 4*
Qaemshahr( 3 4 - 2 - 1*,5,9*7 4,8,3,6*
Q 4 - 8,2 10 - 43 5%,9,7,6%1
5 3 - - - 10,6,5,1* 8*,9,4* 28,7
1 3 7 8 - 1,5%4* 10*,9,6%,2
2 _ - 7 - 10,2,1* 9,5,4*,8*,6*,3
Sari (S) 3 85 B B B 47 10,9*,2,3*,1*,
4 7 2,5*% 9 - 31 10*,8,6%,4*
5 7 - 6 - 10*,4,3 9,8,5%,1*,2
1 43,2 - - - 10*,9*,8,6*,1 7,5*
2 - - 5 - 10,6,3*,2*,1 9*,8,7*,4
Neka(N) 3 6,3 7 - - 10,9* 4 8,5,2%,1
4 1 - - - 8*,7*,6,5%,2 10*,9*,4,3
5 9 - 10 - 7,8%,4,3%1 6,5,2

(LSS L S zie Sl #) e Infected by cachexia
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Table 3. The symptoms of virus and viroids observed in the gardens(Citrus unshiu Marcovitch on Citrus aurantium root stuks).

. . Gumin Spindall stem pitting

swain o vootstuckofae. oo POUE™ Shedan stem Depth <3mm
pitting Length<4mm

Q2 - - + + + + +
Q7 - - - - - - -
Q10 - - + + + + +
S9 - - + + + + +
S8 - - - - - - -
s7 - - + + + + +
S6 - - + + + + +
N10 - - + + + + +

N5 - - - - - - -
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Fig. 6. Necrosis and yellow spots on the margins leaves of Etrog

citron, inucolation with milde strain of Cachexia viroid
(Q2,Q10,56,57,59, N10).
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Fig. 7. Gumming under the skin of the grafting site of Mexican lime,
inoculated with severe strain of Cachexia viroid (Q2 «Q10 ¢S9 ¢«S7,
S7¢S6, N10) 12 months after bark-grafting(A,B), spots with yellow
to necrosis margin on the leaf of Mexican lime, inoculate with sever
strain of Cachexia viroid (Q2 ¢<Q10 ¢S9 ¢S7, S7¢S6, N10) 4- 12
months after bark grafting (C,D) fine leave, decreasing growth and
general yellowing in Mexican lime, inoculated with severe strain of

Cachexia viroid (Q2 «Q10 ¢<S9 ¢S7, S7¢S6, N10) 12 months after
bark grafting (E)
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Table 4. The sympyoms of indicator plants incubated with sever and mild strains of citrus cachexia viroid.

Indicator plants

Sever strains Q2, Q10, S9, S7, S6 ,N10

Mild strains Q7, S8 and N8

Decreased severe growth, fine leaf and yellow

Mexican lime(Citrus aurrantifolia) annular spot with a margin of necrosis in the leaf text,

General jaundice of seedlings

gingivitis below the skin graft site

Etrog citron(Citrus medica L),

Decreased growth, necrosis, and yellow spots on the

Decreased growth

Poncirus(Poncirus trifolita Raf.)
sour orange(Citrus aurantium L.

Citrumelo(Trifoliate orange x Citrus
paradise

Citrange(Citrus sinensix Poncirus
trifoliate)

Thomson on an orange rootstuck

Thomson on a citrange rootstuck
Thomson on a citrumelo rootstuck

Minneola tangelo on sour orange
rootstuck
Ponkan on sour orange rootstuck

Page on sour orange
rootstuck

Clementine on sour orange
rootstuck base

margins of the leaves
Yellowing of leaf margins

Yellowing of leaf margins

Yellowing of leaf margins

Yellowing of leaf margins

Yellowing of the end of the leaf

Yellowing of the ends and margins of the leaves

Yellowing of the ends and margins of the leaves

Yellowing of the end of the leaf
Yellowing of the end of the leaf

General jaundice of seedlings

General jaundice of seedlings

Yellowing of leaf margins

Yellowing of leaf margins

Yellowing of leaf margins

Yellowing of the ends and
margins of the leaves

Yellowing of the end of the leaf

General jaundice of
seedlings




(linizs S 0 5 Ol g ale S (S pelS SGlS
Dl 3 (6l L3l Ol (6355L5S s 5 5 S5 sl
Ails g el (slalS AT SUIal osls,l 3

References

ACHACHI, A, E. AIT BARKA and M. IBRIZ, 2014. Recent
advances in Citrus psorosis virus. VirusDis. 25(3),
261-276

AHMADI, K., H.R. EBADZADE., HATAMIF., SH.
MOHAMADNIA, R. TAGHANI and M.A.
KALANTARI, 2021. Agricultural statistic (horticultural
products), information and communication technology
center of the ministry of jihad agriculture, pp110-121
(in Farsi with English summary)

ALAVI, V., B. KHATABI and G. HOSSEINI SALEKDEH,
2005. Comparison of biologically distinct isolates of
Citrus tristeza virus from lran using major coat
protein sequences. Australasian Plant Pathology, No.
34:577-582. (in Farsi with English summary)

ALAVI, SM., A. AHOUNMANESH, H.A. RAHIMIAN,
2007. Nucleotide Sequence Of Hop Stunt Viroid
cDNA From Cachexia infected Citrus Plants In
Mazandaran Province. lIranian Journal of Plant
Pathology, No. 43:1(69): 49-64.

ALAVI, SV.,, P. TEYMURI, 2017. Detection of citrus
viroids by CF-11 nucleic acid extraction method.
Applied Entomology and Phytopathology, No.85 (1):
77-86

ALCANTARA-MENDOZA, S, S. ALCANTARA-
MENDOZA; O GARCIA-RUBIO; V.H.; CAMBRON-
SAN-DOVAL, D. CAMBRON-SAN-DOVAL, C.
CAMBRON-SAN-DOVAL, 2017. Characterization
of Citrus Exocortis viroid in different conditions of
indexing. Mexican Journal pf Phytopathology, No.
35: 284-303.

VY Whol ) oylad A0 a1 alE slalew 5 ST

Sl Rl
b ol 6555 4l OLL LJB s sl 0]
plnil & OB 8 anb mlie 5 (53,5LES o ske olS2ls LS

)\\)byﬁﬁwlﬁ—“’@lf‘)g"mﬁf .C».«U‘a.lz.w)

ALMEYDA, F., L., MARCIO RODRIGUES, C. COELHO,
2019. The still underestimated Problem of Fungal
diseases worldwide. Frontiers in Microbiology,No
34: 24-31

ALMAYDA-LEON, . H, MA ROCH-PENA,
IRACHETACARDENAS, F. ORONA-STERO and
C.J. KHALKE, 2007. A simple method for the
multiple detection of citrus viroids. Agrociencia. No.
41:87-93

APARI-ISAIA, T., A. KYRIAKOU, L.PAPAYIANNIS, D.
TSALTAS, S. GREGORIOU and I. PSALTIS, 2008.
Rapid in vitro microindexing of viroids in citrus.
Plant Pathology., No. 57, 348-353

ALVARADO-GOMEZ, 0.G., M.A. ROCH-PENA, S.
SILVA-VARA, JP. MARTINEZ-SORIANO and
R.F LEE, 2000. Citrus exocortis and citrus cachexia
viroids in commercial groves of Tahiti lime in
Mexico .15th. International Organization of Citrus
Virologist Confrance USA: 289-293.

BANI-HASHEMIAN, S.M., G. PENSABENE-BELLAVIA,
N. DURAN-VILA and P. SERRA, 2015. Phloem
restriction of viroids in three citrus hosts is overcome
by grafting with Etrog citron: Potential involvement
of a translocateable factor. Journal of General
Virology, No. 96, 2405-2410.

BERNARD, L. and DURAN-VILA, 2006. A novel RT-PCR
approach for detection and characterization of citrus
viroids. Molecular and Cellular Probes, No. 20(2): 105-13.

EIRAS, M., S.R SILVA, E.S., STUCHI, S.A., CARVALHO
and R.M., GARCEZ, 2013. Identification and



e (KU DL > S o GleSSIS gy sl (S5 95

characterization of viroids in ‘“Navelina ISA 315”
sweet orange. Tropical Plant Pathology, N0.38(1),
58-62.

FALAKI, F.S.\V. and ALAVI F., RAKHSHANDEROO,
2012. Citrus Psorosis Virus,causal agent of ring
pattern disorder in Thomson Navel trees in east of
Mazandaran. Applied Entomology and Phytopathology,
N0.80(2):161-172(in Farsi with English summary)

HATAYA, T., T. TSUSHIMA and T. SANO, 2017. Hop
stunt viroid. In: Hadidi, A., Randles, J., Flores, R. and
Palukaitis, P. (Eds.), Viroids and Satellites.
Cambridge: Academic Press-Elsevier, pp. 199-210.

HULL, R. 2002. “Mathews plant virology” (4™ edition)
Academic press, SanDiego. 1001pp.

HUANG, Z., P.A. RUNDELL, X. GUAN and C.A.
POWELL, 2004. Detection and isolate differentiation
of Citrus tristeza virus in infected field trees based on
reverse transcription—polymerase chain reaction.
Plant Diseases. 88:625-629.

LOCONSOLEA, G., B. NUKET ONELGEK, RAYMOND,
C. YOKOMID., RAIED ABOU KUBAA, A. VITO
SAVINO and M. SAPONARI, 2013.
Molecular.Rapid differentiation of Citrus Hop stunt
viroid variants by real-time RT-PCR and high
resolution melting analysis. Molecular and Cellular
Probes, No. 27(5)

MALFITANO, M.; M BARONE,.; N.; DURAN-VILA, D.
ALIOTO, 2005. Indexing of viroids in citrus orchards
of Campania, Southern Italy. J. Plant Pathol., 87,
115-121-

MARQUEZ-MOLINS, j., G. GOMEZ and V. PALLAS,
2021. Hop stunt viroid: A polyphagous pathogenic
RNA that has shed light on viroid—host interactions.
Molecular Plant Pathology. No. 22(2): 153-162.

MORRIS, T.J. and J.A. DODDS, 1979. Isolation and analysis
of double stranded RNA from virus-infected plant
and fungal tissue .Phytopathology. No. 69: 854-858.

MURCIA, N., S.M., BANI HASHEMIAN, P., SERRA, J.A
PINA.and N.DURAN-VILA, 2015. Citrus viroids:
Symptom expression and performance of Washington
navel sweet orange trees grafted on Carrizo citrange.
Plant Disease. 99:125-136.

Sl g i 101, K0 5 ()90

a4

NAJAR A, I. HAMDI , K., BEN MAHMOUD, 2018. Citrus
viroids: Characterization, prevalence, distribution and
struggle methods. Journal of new sciences,
Agriculture and Biotechnology, No. 50(12), 3129-
3137

PALACIO-BIELSA, A., J. ROMERO-DURB’AN, and N.
DURAN-VILA, 2004. Characterization of citrus
HSVd isolates. Archive of Virology, No. 149: 537—
552.

PEREZ, R.; E. CORREA, N. DEL VALLE and O. OTERO,
2000. Reduced Indexing Time for Cachexia and
Exocortis Diseases in Citrus. In Proceedings of the
Fourteenth International Organization of Citrus
Virologists Conference; California.386-387.

ROISTACHER. C.N., 1991. Graft-Transmissible Diseases of
Citrus . FAO: Rom .286pp.

FLORES, R., HERNANDES, C., MARTINEZDE-ALBA,
A., DAROS, A. and DISERIO, F. 2005. Viroid and
viroid-host interaction.  Annual  Review of
Phytopathology, No. 43: 117-139.

ROISTACHER, C.N., 2007. Diagnosis and management of
virus and virus like diseases of Citrus. In Diseases of
Fruits and Vegetables, N0.1:109-189.

SANO TERUO, 2021. Progress in 50 years of viroid
research—Molecular structure, pathogenicity, and
host adaptation. Proceeding pf the Japan Academi.
Series B, No. 97(7): 371-401.

SEMANCIK, J.S. and C.N. ROISTACHER, 1988. A new
viroid is the causal agent of the citrus Cachexia
disease. Virology, No. 10: 125-135.

SERRA, P., S. GAGO and N. DURAN-VILA, 2008. A single
nucleotide change in Hop Stunt Viroid modulates
citrus cachexia symptoms. Virus Research, 138(1-2),
130-134

STACKHOUSE, JE., L. OLIVER], WILLIAMS-
WOODWARD and M.E. ALI, 2021. First Report of
Hop Stunt Viroid Infecting Citrus Trees in Georgia,
USA. Plant Disease, No. 105:515.

SU, X, S. FU, Y. QIAN, Y. XU and X. ZHOU, 2015.
Identification of Hop Stunt Viroid infecting Citrus
limon in China using small RNAs deep sequenc-ing
approach. Journal of Virology, NO. 12: 1-5.


https://www.researchgate.net/journal/Molecular-and-Cellular-Probes-1096-1194
https://www.researchgate.net/journal/Molecular-and-Cellular-Probes-1096-1194

v

VAMENANI, R., H. RAHIMIAN, S.M. ALAVI, A

PAKDIN PARIZI and T. MIRZA RAZZAZ, 2019.
Genetic diversity of Hop Stunt Viroid from
symptomatic and a-symptomatic citrus trees in Iran.
Journal of Phytopathology, No. 167, 484-489

VELAZQUEZ, K., M. SOTO, R. PEREZ, J. PEREZ, M.D.

RODRIGUEZ and N. DURAN-VILA, 2002.
Biological and molecular characterization of two
isolates of Citrus viroids recovered from Cuban
plantations. International Organization of Citrus
Virologists Conference Proceedings, USA. No.
15(15), 258-263.

VY Whol ) oylad A0 a1 alE slalew 5 ST

VENKATARAMAN, S., U. BADAR, E. SHOEB, G.

HASHIM, M. ABOUHAIDAR and H. HEFFERON,
2021.An Inside Look into Biological Miniatures:
Molecular Mechanisms of Viroids. Journal of
Molecular Science, No. 22(6): 2795..

VERDEJO-LUCAS, S, M.\V. MCKENRY, 2004.

Management of the Citrus Nematode, Tylenchulus
semipenetrans .Journal of Nematology, No. 36(4):
424-32.



